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1 . GENERAL 

1.1 This section io intended to provide REA kuwwtra, ©MMlttag ©©©tract © m mm I other 

‘interested partie® with technical iaformtion f©ff m® in the ®«d ©omtmcti©® of KM 

borrowers e telephone ey©t«@»« It di@cus@@@ in parti«gl®r in the application @f c@tole 

carrier ayetea®. 

1.2 Since about 195@* low eost eabl@ e«iar equipm&t hm teom ftodtog m® in mml t@l®pss» 

plant and .the jprpoa® of ihi@ ©eetim is to @s®!ato it® um md on rwel * tol«fteo®e 

tiyatcsm . Low cost cable carrier equipment ombs that it teTOwMy with p^sle®! circuit© 

for dlstancco ae low as too Mile® u&ter certain conditioM*. ft® dswlo^aat of tow ©o®i o®tel® oarrier 
cyoteme i® due to a niatoer of factor® $ t&m mat eignifi e&g&t b#tag the we of tMacistora to carrier 
repeaters which diadnato® tbe need for 11T volt® euCo pQ?«rr at «»@h Mj^tor potot or at frequent 
intervale in a repeater string. tow this * the 1yp@@ of mtetotlCRj »ttb©d® of signaling* «tc., 

are similar to those found on ©pm wire Hm oarrier which Mm bmm mWd «t*m®iw3y to mml ptosat. 

1.3 A relatively new concept ^ adopted by a nunfoer ©f swilMtoiw,, »te© little dtottoetiosa 

between carrier for trunk us® subscriber m®* ft® obviow diftermc® to fch® signaling 

fujnetiona of the two types of carrier . Otherwise tgm ©1 rcuitgj ter of voice »$. ©igaaltog 

frequencies to carrier derived fifequencieiip channel tost# r^peatoring of c®ffrier 
frequenciofl, etc., is identical. Bmm hm® ©1pm! tog between 

trunk and subscriber omrrimr by introducing loop dial ®i|paltog ter ©sM« whi©h tenctioiimlly 

io the same a® subscriber opt imm ®m mmm& is this section. 

i.l The types of cable carrier under to this primrily tmXn^m 

the types which have an operating nug© of up to ®tout ^1®® b®tw« carrier tswiaili and 
cost \>c tween $1000 to $1300 per c^airn®! to telly @<s&dpp*d to ttay will' be 

r<uvrred to as low cost ©able carrier ftis Bmttm also bri®f3y dismasse® toose of 

currier syetaM which di®t®nc@« up to 800 mllm wi of ®or® 

expensive on a per chMmel basis, fte ®®cti@s tee® sot discus® Wm MHmi m ^uipssnt (»teh a® 
puloo code raodutotion) ^ich to tetfe ha® had little ap^Licatto W tht iM®pesdmt teleptesm® . 
industry. 
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1 S Low cost coble carrier system® were introfMeed @s early m 195@* ®Sfe teegga jpm&as lag 

Sese SsSs in^&. At present, numeral spM ta® M in opHrtloa for «*« A® 
two years although this is a relatively short period of tSas for SMI sw-teatA©®, tims a®t ssssfc o . 

S^s eS^tlS^vided satisfactory service, m tte f®H of 19^ 

its List ^Acceptable Materials and various types of lew east e@fel© espies* ©pipasEG rs®r® iseluded. 

l 6 'Much of the low cost carrier equipaeat discussed ia ms section hm f«ad a^totion m 

multiplex equipsent on radio channels » send and roe*™ of these e*»i«r syst^ 

are ccmatiSe vitif radio requirements. for radio systosa vwdxmmtia jaOar 100 ctaanolA, «|Jj «f® 
of low cost carrier equipment results in substantial savings is wltiples eqpi^at. AltJsou^!. th® 
primary use of radio is for deriving trunks, subscriber cable carrier @®sipsmt e®s be , ias ^,^ S f 
ZTZ ralio for Subscriber Se. lefer to* & «»93Q., *V of MaMvM* BbMo in ******* , 
Addendum No. 1, for additional inf onns.tion <= 

1 .7 A large portion of this section Is devoted to far-enA erosBtslk tesjto^ *M *> ®eet 

REA specifications where it is necessary to consider ffliltisystea carrier aKBUt.®aoas . 

2. DESCRIPTION OF CABLE CARRIER SYSTH4S 

::~:=S5 

aMss as 

"^rtiyssss s 

carrier frequencies from one terminal to another plus being able uo ^©r vae reqoireu 
repeaters from each terminal. 

2.2 By Grouping the frequencies for each charnel adjacent to each other in the ^SmLTSrking 

SrLti^of transmission, broadband £*£ ^gys iS 

in opposite directions constitute a repeater* By nekiflg ^ f^equeacy transmission 

2 sars ssxs.'ss: — — 

low. 

2.3 There are also carrier systems designed primarily for open viw . JWj***** K/SS^rec- 

3 frequency allocations) which can be furnished with group Jr eq« wires 

tion of transmission. (Hiis type of system caa be ®... referred to as low cost cable carrier; 

only one pair per System. Equipment of this type ‘ * ‘ i it ""volts a.c. therefore, they -cannot he 

however, tor most types, the repeaters have to be Paw«*f»» U' . Itere is some 
nroved in economically over 4-wire systems which pow J^ 8 ' ' r /.j, e repeaters from the end 

equipment available, however, which can operate 2-wire se & ' in W® section apply to 2-v±re 

tcrmSals over the same two wires. Although w J^Jg£%£j£. S^TS* UmVWr* 2 
repeatered systems this section is primarily concerned wito W « n&} ^ e 3 illustrates 

illustrates the difference between stacked and grouped freqaesey allocacionso i>« 
the difference between 2-wire and 4-wire carrier systems. 

2.4 A significant canqonent of any grouped ^ e ^ sn °^® b ^^^^ < ^ a cie s e Se 1 at.tenuated less than 

loss through cable varies with frequency, ^ , . * g iaC e «j. e hroadband amplifiers which 

the higher frequencies in the same direct ion ^ f re quencles equally 0 it i* necessary to provide a 
ore usually flat in frequency response amplify all frequ^c q ^ ^ ^quency-atteuuation 
network that attenuates the various frequencies , f J^s amplifier, ®e output out of 

r,!ope of =*!.. »« th. ™ 

the equalizer at various frequencies will be equal oe amp ^ ftt the repeater 

the next repeater. Eqiialisation for each pre , tF&cuenoie® of tSue will arrive at 

input and incorrect at each repeater W Tk^re 3, top the 

the distant terminal at the proper level or b attenuated ssuch le®s than the level of 

carrier frequency level of channel No. 1, 10 ^ vo ^ ide©l ecaualisins aetwrh would 

channel No. 22 , 30^ he at the first offering, little or bo additional attenua- 

attenuate the 10 kc signal for a specified high and^tbe 30^ ke signals enter the amplifier, 

SiVJSAZ cs ***™* » — - " 

of equalizers in a cable carrier repeater. 


- 2 - 



BM S Is m-905 

2. 5 la the alignment of a cable carrier oyster oa® of tte eijor te®k© is to sssro fr» ossa repeater 
to the next setting the equallsicg networks that the tTmm&Lt «t of «el ©s^lifier 

are the same throughout the hand of frequencies IwmXwmie Mithiffi th© past t» to three years suf- 
ficient experience has been gained about the slops' dbaneteri@ti<s@ ©f plastic insulated cables of 
various type® so that the aligning of repeaters is mm ftelllar smattot t© c^asieneet installers. 

Prior to this period the cable characteristies of pps 5 to@ulat@& lead csbles were well te« but 
little was known about pMstie insulated cable « 1fe«@ diffieuli^ is enceumtered it is usually due 
to the existence of seas lapadanee irregularity' in the cable pair iM a.© © taai ©oil* a build out 
capacitor or another cable pair bridged on the circuit « 

2*6 Not all cable carrier eysteM handle equalisation ef levels in the mns@r described above . 

Cable carrier systems such a® Western Electric 8, f ^ 68 ©r its cqjaivalagat, u@© © different technique 
which accomplishes the same results. Instead of depending upoa eQU&lt&iug network® p tte transmit 
output of the terminals Is sloped such that the higher frequency level® ar© transmitted at a higher 
output level than the lower frequent levels » Ms process together with another technique ©ailed 
frequency f ragging at each repeater enables the signal® throughout the ©pectrw, to be transmitted 
through the repeaters at the proper level® for the receiving teras&a&X® » Th@ two frequency band® for 
send and receive are inverted In passing through the repeater® 0 the highest frequency channel 

in one line section becomes the lowest frequency channel in the succeeding line section. So nearly 
constant are the sums of the losses in the two sections for all channels for the frequency range 
chosen that the equalization is provided without resort to any «Jor talop© correction in the repeater®. 
Frequency frogging also helps overcome "run around 84 coupling at repeater© which i@ dls cuseed in 
paragraph 5-51® .Frequency frogging is further explained in REA HE & CM-901? 8l Fanda®ental® of Carrier 
Telephone , " paragraph 11. 

2.7 Aside from the relatively new innovation of the transistorised repeater® other significant 
differences of low cost cable carrier as compared with open wir® ©arrier® ares 

2.71 A number of new systems have a capacity of up to 2% dh&nnel® per @y®t©s.o Ther© is wicfe eoEwon 
equipment in these systems which is an important factor in the lower cost. 

2.72 When the tenain&ls as well as the repeaters are transistorised^ the current drain* or power 
consumed* including power for the repeater® fro® each end terminal i® significantly lower 

than for tube type carrier. Bits permits powering the equipment fro® the 48-volt central office supply 
and eliminates costly 48-volt d.c. to 130-volt d.c» converters or 130-volt banks of batteries as^part 
of the standby facilities. 

2.73 Where the terminals are transistorised the equipment is weiy compact resulting in considerable 
savings of office space. This is an important factor in overall saving®. 

2.74 Since repeaters on 4-wire systems are low cost* it is. advantageous fro®i & crosswalk standpoint 
to make them low gain devices ranging from 20 to 25 db per repeater section. For exchange 

grade cables the repeater spacing for most of the low cost system ranges up to almost two mile© for 
19 gauge to 1.4 miles for 22 gauge. 

2.75 Most equipment is usually installed without eosspm&or® or other crosstalk reducing devices to 
keep costs low. Most cable carrier equipment can be optionally equipped with compandors or 

other crosstalk reduction devices if needed. Compandors reduce the effect of noise on the canier® 
and relax the crosstalk coupling loss requirements between cable pair© utaa more than one carrier 
system is installed within a cable. Compandor® are discussed in TE & CM-901^ 8B Fundaiffiental® of Carrier 
Telephone," paragraph 10. 

2.76 Crosstalk advantage usually obtained by using compandor® on amplitude modulated carrier is 
inherent' in some equipment using angular modulation techniques. Eighteen db or more crosstalk 

advantage is possible with wide deviation angular modulated carrier and in effect compandor advantage is 
provided at no extra cost. 

2*77 On some carrier equipment the test tone level at 1000 cycles per second 1® less than the 

conventional U 0 H dbm. Although it may introduce some inconvenience® in testing levels, the 
reduced test tone levels, (-10 dbm or so) are more in keeping with actual speech power® encountered 
in normal conversations . 

2.78 Costs vary from one-third to one-half the cost of ©ingle sideband open wire equipment when 
systems are fully equipped to capacity. 

2.79 If repeaters are powered from the terminals the physical® cannot be used for voice circuits. 
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3. SIQMMJm OFTICMS AVAILABLE CM ;CABL 1 CABBX® 

3.1 As indicated previously 9 tr unk carrier aid sVfescrib&r ©artier ©qpii®s®& ©re identical 

except for the signaling options * Sons mmfacturers have zs&S@ s&@& t&at it caa he 

readily converted from trunk to subscriber use or vice versa z§er@ly by efe®ngisig oust the signaling 

cards* 

3.2 The major it*’ of the cable carrier systems available today signal frosi one t@rM.nal to the 

other with inband or out-of-band signaling tones (for ST®® cps) at voice 

These tones are modulated into carrier frequencies and the signslisg isfosmtion p&sses through 
terminals and repeaters in the same w$y voice frequencies are tmnsMttedo B1A B & covers 

this in paragraph 13* One type of low cost cable carrier etjuipment utilises tis& division Mrntila- 
tion for signaling, however, which 2 cay be the start of a new trend* 

3*3 Whether the carrier signaling is ihband, out-of-band* or tia© division equipss@nt p the most 
common options for connecting to central office equipment can be classified as follows : 

a . L & M for trunks. 

b. One-way loop dial for trunks. 

c. Hubscribci carrier for exchange plant* 

d. Foreign exchange service. 


3 Jj UM Signaling 

3.41 E •& M signaling is covered quite thoroughly in KEA TE & <24-319 > ”lnteroffice_Trunhine 
Signaling," and as far as carrier equipment is concerned it jseans that if a COE trunk 
has T, l\, E & M leads such leads can be connected to T, R, E & M leads of a carrier termin^ 
signaling is possible between terminals on this basis. A terminal originating signaling , . 

aSlte ImlSl Lcc-pllsbte It by pltei*, tetter, on If V lead /or ..ittre aad ?*** 
Lottery ana Ground corrusjondine to the dial pulse. telne tent. Bao_«etloB ”*“£?i!L 410s 

-round being placed on the "E" lead and alternately applies &x>vn& m& o pm condiUons correspon ng 
to the dial pulsing at the opposite terminal. Return supervision is 
battery to the distant terminal "M" lead which results in ground being pi 
lead, ’.ihcre the trunks are two-way, operation signaling can be acconpiished in eitk 
After the signaling information is sent to the carrier terminal by e^loved 

particular carrier system as to whether iribana, out-of-band or tine division signaling is employ 

between terminals . 

3.12 In every case where E & M signaling is specified, the central office •Vjgjj* (SSJTaS 
EiM trunk circuit to convert loop type signaling from the subscribers plar { pe ng 
closing a d-c loop path) to "M" lead signals and respond to S lead signals. 

3.43 Since about i960 the Bell System has been specifying so called "®" s^Si^th^S^arrier 

for some carrier systems. "E" type signaling equipment denotes 

equipment using a single frequency, usually 2600 cycles per secon . 4-vire circuit identical 

referred to as "SF" signaling. Since carrier is effectively equivalent to a4 wire JJ™ is 

2600 cps tones can be used in opposite directions for signaling. - simaling is specified 

usually on an "E & M" or loop dial basis. Just as explained above, ^enE&Hs^ali^ for 

cm E & M trunk circuit is required of the central office ^ d ^ iRnals ' ari d transmits them 

connections to the "SF 11 signaling unit. The "SF 11 unit takes the JM ^^ signals and «a 
from one carrier terminal to the other using interrupted intend 2600 cps tones. 

3.44 "SF" signaling equipment is also available for one-way Sethe^Tfs tl mS?"' 

Therefore, in discussing "SF" signaling it is also necessa^r to know whether 

some form of loop dial signaling. 

3 -“ 5 SM 2 ZSZFSZXZ. - 

equipment arrangement where "SF" equipment is used for E & M signaling. 
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3.46 Independent telephone equipment oon m® £fo£®£s& C9 SF* ^qfl\gz&3& ^fd^L is compatible 

with Western Electric V ^pe equip&s&t at tfee e^psite @ai.o ItasJJy tfes i&ybsld circuit is 
an inherent part of the "SF’ C ©quijs&gg&fc mA tte only coMectic^ to t&@ carrier e^ipsesit las to the 
*'fflod in" a nd "desaod out 6 ’ points kaora as tha iMtire ^o£@e points o 


3.47 Figure 5 is a simplified slock diagram -of a trmk ^spl^ris € *W* isteid ©iggaaliag. The 

transmission path between temis&Xs ssrat either b@ a eerier d®riv@d disiasael or a 4-wir© pity steal 
in this example since the s©®s frequency (26O0 cps) is wed for sigsesliag in both directions = On 2- 
vtre circuits employing inband signaling; two different frequencies such as 2600 cps aM 2400 cps are 
used for signaling in opposite directions* USie ftoctions and features of these units are essentially 
the same as those described below for the 2600 cps units* Infosn&tlOE fro® tte switching equipsaent 
in the form of d.c. pulses or on -hook and off -hook aigssals appearing on the ^4” laad determines whether 
the 26o0 cps signal is applied to or rested. fstsa the tsansaitter 0 To ©to£ 4 the cfevlcus conflict with 
speech signals, the tone is on in the ,i&Xe or on-hock- condition • { “ ! M J “ grounded) * is. the of 1 "hook 


condition battery is applied to the 


lead which in turn resume® th@ 2&QQ cps frm the transmitter. 


When the "M 1 * lead is pulsed the tone is alternately applied ©n& renewed frana the transmitter* ‘The 
path to the office side of the equipaaeat is opened @£jm£lt@n@oualy with the application, of tone, ffliis 
prevents noise which might be present at the drop side of the eqjiipss©iat from interfering with the 
control signals and also keeps the 2600 cps tone freest reachisag th@ eallirag party. 0 a© refinement that 
is not indicated on Figure 5 is a signal tone level eontroi 0 The 2&0 cps &1 j$&& 1 is nfoxwtelly applied 
to the line about 20 db below test 'tone during the idle (oa-ho©k) ©oraditica* Ih.,?rlng a dial pulee 
sequence and the first 100-200 milliseconds of steady tosie-csm^ the .Level 1 © iacreesed approximately 
12 db ’to improve the signal -to -noise ratio and therefore the di&Xtag rallaMlltgr. In the receiver 
of the unit the incoming signal from the far -end 1 © divided hetweea th© talhiag path and the gignaling 
path. The presence of a 2600 cps tone of adequate level in the sigaal&ftg path causes the signal 
switch to insert a filter into the talking path which prevents the 2&00 ep s slgo&l txxm reaching the 
drop side of the equipment. In order to prevent the degradation of speech sigssals, this filter is 
switched out of the talking path when the far-ead indicates as off-hook epoditioa (taae off ). Baring 
certain connections such as those to an intercept operator; the far -end does not indicate ©a ° " *°° 
condition and the filter remains in the talking path and prevents some speech energy ^ roa 
the calling party. This condition is necessary however in order that certain calls are not billed. 

The signal switch also controls the state of the V lead, tihen tone Is received tram, the far-end 
the "E" lead is opened and in the absence of tone the V lead Is grounded* The most difficult 
feat that the inband feature imposes on the receiver is that npeedh eaer^r 9b the slgnall ng frequency 
must be prevented from causing false off -hook conditions; or ,5 talk dmm* This Is the piarpose o 
guard network shown in Figure 5- All of the speech -energy emepb that occurring at 2500 ^ . 

accepted and rectified by the guard network and fed to the signal ©witch la the ^o»of a d.c. control 
voltage. Any energy at 2600 cps passes tough the band puss filter, 1 b ateo rectified and teAta 
the signal switch. The guard voltage opposes the rectified 2600 cps signal and pwventa the signal 
switch from opening the "B" lead. 

3.5 One-Way Loop Dial Signaling 

3.51 One-way loop dial signaling options have found increased application with low cost eabl* 

carrier systems where one-way trunks are economical. Connection of a one-wsy - P words 

channel to central office equipment is usually made with tip, ring aM eleesve l«®ds* Jn «StchM the 
a subscriber loop connected to a loop dial carrier channel after the central office to the 

subscriber line to the carrier channels) can furnish loop signaling (opera. •> • '*• ^ central office 

the carrier, and the carrier equipment at the opposite terminal will Present to ^ central office 

equipment incoming selector the same open and closed loop conditions. *%***» “ Se-ITS 

office equivalent trunk circuit since in effect the carrier contain® the trmk ciicuit. C W p 
dS siSSle“hat a given channel will handle telephone traffic 

+htt+ aiAl-ing can take Dlace in one direction only. The carrier charnel will provi.de talking 

folhf SSrSSrISp «: it S ejected to U by means f ^ ‘ " acfeptefg 
in oaraKraph 3 . hi for E & M signaling, once the signaling intelligence on a loop basis is P y 

the^ftoftenSnai it depends^ tS^thod chosen by the voice 

mitted through the system at carrier frequencies. It can be by means of out-of-band, inband vox 
frequency tones or by other means such as time division modulation. 

3.52 .lg»Utt o«a. « .!««!« «t «e-»w 1 TO 

The outgoing loop dial signaling circruiu coa^a' O «t«oin®'" # carrier channel terminal is usually 

naling .always originates from the outgoing tezminal. The . ^«o 3 . _ eauitraent. At the other end 

connected directly to levels of outgoing selectors of S l iSS truL selector, 

the incoming carrier channel terminal is connected Attract* to « “^™ I ^ J X ough a 

The circuitry of the incoming signaling card will present open an& 
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nominal value resistor to the incc«iBg selector. . ^ 

flptprt reverse battery and return answer iso — 

of c alls originated “by paystationa '• C tee-wey loop dial carrier cireuA^s @r@ 

scriber loop® which nay be connected to one-way loop Jial «f 

1500 olaas including the telephone Instrument axe possible wi«fe Eost 
have long line adapters connected to them. 

_ . f*jsw»ier tr unk s over ©o^ventiOEsal E & M circuits is 

3.53 ae advantage of using one-w ^ n^atiS been found to be as mch as 

in the savings made in COE trunk circuits, ®e S trSHirSts (one at each end) in the 
$260 per circuit since there is no need to use . .. e as 1 & M carrier channels. 

COE. The cost of one-way loop dial carrier chann “ a t rusks may have to be specified over all, 

Of course when only one-way dialing trunks are loo^dial signaling should be considered 

™ » £•“ ~ V — *• 

connected to central office equipment. . 


3.6 Subscriber Carrier Signaling 


3.61 setter .isnllrc rcuite, o» 

principle to lie SaU. Snbscrtter cable carrier ejstens are 

“LSS1S r££ES SES'-SS-S. a-. « -2- ~ “IS^irS 1.-10C 

b»U» .WMW of tea-po-w divided 
i;t . toi.-SfS X. be iced for one, wo or fonr-p^tf line rlwine- 

3.62 ulien the telephone Industry shoes “ ^Jt r J^ t °reSSd P S^M 1 fro?*teS» rt J r 

rlniilngTi^^oSefSrc^foiSd foX-^ fuU .elective ringing vould he ™««r- 

3-7 FX, Foreign Exchange Signaling 
3. fl This ’type of signaling circui 

or more channels may be used to provide To i© 1 . a^-riher carrier signaling except that 

one exchange into another. FX signaling is circu itry to generate ringing power. Since the 

the subscriber terminal is not usually equippe ff „ together with the rest of the trunk carrier 

tnsscrlbcr tewdnal Is nsnnlly rented In « con ^£* c ^«CX£cril»r loop. tti. Up. of o^rrlcr 
channels, central office ringing power is used to s goal J service (VATS) is provided and 

signaling nay also find some application where wide «■ properly equipped office for connection 

U, tL“nctwoS* ^a^ofa^^cSit^be ^^^^^elepSp^Ser sSSce) 

1 j*iWX switching. 


ELECmiCAL PROTECTION OF TRANSISTORIZED EQUIMENT 


<1 . M. l ir. Vs — - 

„ , n _~.d PP repeaters installed along cable routes, 

4.1 With the use of transistorized d ^ . t from lightning surges induced in the cable 

came some problems in protecting their _ s ^ excess of about 100 volts. Since 
nairs since most transistors cannot withstand vo tag obviously inadequate for the 

carbon blocks operate at a minimum of ebout 300 volts, ^acturers now recognize 

jToteczlon of transistors which are exposed iriterna i i ow voltage protection where such protec- 

rhis and supplement carbon block protection with critical as the repeaters since 

S ^d. Profctlon of tt. tr^fom.v., 

ismt- - - -r 

“• a 
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5. TRANSMISSION OF CAMm WHOT 

5.1 As indicated previously proper carrier femssi©©i« tteeugfe e®M® re^ctes s®srous 

repeaters 'became the attestation at ©©rsfier feeqpencies ia esM& plmt is wgy M#, ^aea 
compared vith open wire* Hie higher tte top frequeasy ©f a e^M/a ©©r^ter sys^fes®^ th@ Mgher th@ 
attenuation. If more than one syet eta Is to ©p®r@,te mder tfe mss ©able sgimt& then the possibility 
of crosstalk “between system also sassi* be e©issifei?©clo Tfees^forep trac ^h@rscterist-ic© ©f cable 
plant are Important with respect to cable ©©rrier (l) sttearaaMcnt pex* usal*fc lengthy Mi 

(2) crosstalk coupling between the various pair® in the cable* 

5.11 In application engineering of a cable carrier &ysbm the engineer tes to taw the type of 
cable over which the carrier will operate. It is desirable to taow as aceiurafcely as possible 

the attenuation, per unit length since spacing of tte repeaters has to fe@ csslcwl&tode Th© attettua‘fiioa 
per unit length of cables used in the industry varies widely depa&teg ©a Mtoal c&pacltanee* 

whether it is paper or plastic Insulated, etc. 

5.12 Exchange grade cable is considered “high capacity 8 * cable with m &v<srage asftual capacity for 
all the pairs of *083 mfd. per sail©. The deviation in capscitanc© wmg pairs »y vary and 

values as high as .096 mfd. per mile are present on older ©sdlsttag cables. ^9hat I© ®c®etlB©s referred 
to as "toll grade cable" has a mutual capacity of M&S or .0 62 mfdo per aril®. Bw lower the mutual 
capacity, the lower the attenuation. at carrier frequencies® So illustrate the effect of gauge 7 nsutual 
capacity, and type of insulation, the following data 1 b given at a t3Tpl©al freep® sscy of 300 ^ 

comparison is also given of repeater spacing assusslBg 90 db gain psr relator o 



19 GAUGE 
PLASTIC 
INSULATED 

19 GAUGE 

PAPER 

jmuum) 

19 GAUGE 
PXASTXC 
imMSD 

22 GA0SB 
PLASTIC 
X&5ULMBED 

22 GAUGE 
PAP® 
XHSITLATED 


.066 mfd. /mi. 

,0 66 mfd. /mi. 

.083 mfdo/mio 

.083 gea.M- 

.083 mfd. /mi. 

ATTENUATION 

AT 300 KC 

7.6 db/mio 

9.0 db/oi. 

10.3 db/mi. 

I3.7 db/ssi. 

15.0 db/mio 

REPEATER 

SPACING 
INTERVAL PER 

20 DB OF LOSS 

AT 300 KC 

13*9 kf 

11.7 &f 

10.2 kf 

7.7 M 

7.1 kf 


It is seen from the above comparison that an application engineer has to know T&mt hind of cable is 
involved in order to approximate repeater spacing. 


5.13 In the interest of econony end standardization, REA specifications for nm cabl * 
require cable in sizes of 18 pairs or more having an avesw®# _ w*u« 1 oajmcitgr of 0. 3 _ 

mfd. per mile. Cables of smaller sizes have average mutual capacity of „<^3 •*** 

tolerances of + .007 + .01 for 12-pair and 6-pair, respectively. Vbere cables are 
on trunks it i? possible under existing REA practices to procure cable of 

mutual capacitance will be with + . 00 k mfd. from .083 JSxT^cSS beused. 

means lower loss and fewer repeaters, it is not recooraended that .Ott mt&.permL few 

Gain by means of transistorized repeaters is low in cost ^"^“^^^^JL^nos^isolated 
additional repeaters axe required with the use of s1 ^ srd / « fL™ wbeyond the trains- 

sr ss HHH sst r a 

zssztstsL *35^ .tai^ ag^^was& L «*»• * « 

generally reccBimended. 


5.1U 


Temperature variations affect attenuation in cables. ^SSTSxSS^^ 

the attenuation. All low cost carrier systems contain aut^atic gain control circuitry 
compensate for temperature variations normally encountered in aerial cable plant. 
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5*15 As discussed previously mi the subject of 

characteristic of freguescy versus attemifttica is W_ 
emmlizers vhich have a reverse attenuation slope «it& respect to 
bSS oa^yScS cable data »HUUa to ttea *rt, it is wt «««» 
Sfs^SS Afferent slope® to that for wW* the *miXt to 
Instances, however, there le usually essou^ toxemace Is sh® ®| 
adjustment of the repeater section. If the ©parsers; cannot J»® 
istics, the cable plant assy have water in it, there Bay he ljQfld4 ' 
in the pairs ■which axe selected for carrier transmission* - 

£t£n certalntSerances and if they can't he adjusted to meet the 
SSork might be required or at least the repeaters wcuto have to be 


Uk 9 the elope 


to find cAX© sections nMeto 


©t»ggi»gs to p@Mit propsx 
to asset the ©lop® c Itaracter®* 

, ta£M out capacitorsp etc®*, 

be adjusted or strapped 
Blope dmmcteristics a special 


mfo m drastic a dmag® within 
contro lli ng » Change in 
^egulatioa is usually necessary on 
section sine© such distance© are 


5.16 Slope of cable varies with temperature changes, however, it is 
the operating range of low cost carrier systems that iti* 
slope characteristics with temperature is known as twist. »s« 
long haul carrier systems, but, this subject is not covered in t 
rarely attained in REA borrowers' systems. 

5.2 Crosstalk Between Carrier Systems 

■,. 2 ! A complete treetiee » terrier ctoestol* to j£Tt£ " 

noise as measured on a channel includes interfer $ rmrtai'm only to the dis« 

coupling from other carrier systems in the same cable. OH. « *™* Bit * only to the 

turbonce from carrier channels on other pairs within the s 

5.22 Crosstalk from other carrier channels on other pairs J^J^e ^ith eaeif other^to respect to 
5 two reasons. First, the carrier systems may not eoortoate vltfc 

S*^S£SE& — - ™ ies 

and levels. 

5.3 Frequency and Level Coordination 

5.31 1» general, .her. verloue die carrier ey»-» ^tSe^Sle Sltr'iu 

Identical trw»=l« and levels ”peration .toe.* 

practical purposes if a certain brand of ca ^^^lT. , coo^nates in levels and frequencies has 
assuredly the same type of equipment or equipment jfcich d vexyfew of the low cost cable 

to be added for expansion. Unfortunately, n _ , ion coordinate with each other or with other 

carrier systems which. are under discussion in ^ t fully coordinate with the Western 

types of carrier. Most low cost cable carrier systems System although it is — 

Electric "N 




rnoctnc Si ireq uciwjr ~ . ^ ava-hems 

necessary to operate carrier in the same cable with y 

. „ nc „ exceptions to this go.crallt.tlos. Itor. «re sos* lddcpcndcdt carriers »™Usble 
" 32 Sit ^ cSSSblc or coordinate vith V type Dll-*- 

a aic„ a oronmlished bv not duplicating frequencies among 

Coordination of carrier systems is als0 a cable may use frequencies from 5 he 
systems. For example, an existing ca ?^® r rmirs tn tS same cable which operates 

to 30 he. A ciKL. carrier J-t- -JJ “ ST^SScSsSf etola cerxie, systsas are la 

Sc%™ JsST^SSaS oSs? J o?Si .t — K*Uoa of toelr speotr». 


5-33 


iw jl »mjv —— — - - 

5.34 Frequescy coordination aanng carrier systCTK Is a matt^*ic^s^sual^f lnees^lgr lt i fl 

hy carrier appUeatio. e^e^e. Silty to e«»ad faellltle. 

worthwhile to consider carrier systems in operation Bureau* 

’.,1th other carrier equipment 


5-35 


■nex - - 

In many instances borrowers have suggested e^i^L^inste^es have^d to refuse the 

with connecting courpanies^The co: S^oSSg in the^ame cables vhich do not coordinate 
^quen^^f 1? I C v25d r r2Sn ?or not being able to use low cost carrier even though it could 
moan considerable savings in equipment costs. 
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5.4 Crosstalk loss Between Cable Saiss 


5-4l In the ear ly days of cable carrier system $ carrier SM as>t grsve eegooxical ecsg?arefi tilth 
voice frequency systems. Carrier fseqmsmi.es of mb ssre fesa Ss fee wes® wsed la order -to 
keep the crosstalk losses between cable gate sufficiently fe^a M loag Sistass®ss (tefeete or even 
4-^mipcwrig of miles), tte first long teal Wlr© esrrter system gs?©^ 1 ®.©^ 12 steasels ia the 

frequency range of 12 to 60 ke . Ba order to build law cost easrigs 1 systems it ma necessary to use 
more of the frequency spectrum and sore channels par 4~wire cirerait is -©Mar to redaa® the cost of 
the carrier terminals per channel. Low cost cable carries' systaes ara ms available with frequencies 
up to almost 500 kc. The crosstalk losses between cable pairs tereese rapidly with frequency sad 
increase (improve) rapidly with reduced length. Therefor®, crosstalk between cable pairs Is an 
important consideration with both relatively low frequency long haul carrier systsss and relatively 
high frequency low cost short haul carrier syatSBS. 

5-42 By Ja nuar y 1, 1964, REA cable specifications will require specified crosstalk losses between 
various pair combinations. It will be required that on eabXes of 6 pairs or larger the root 
mean square, RMS, value will be 71 db/kf at 150 kc. The value of 71 ©/&? is the BMS crosstalk loss 
of adjacent pairs in the same layer, alternate pairs ia the same layer end center to first layer which 
are considered among the worst possible pair combinations • The RMS crosstalk loss in db is the ntsnfcer 
of db corresponding to the RMS crosstalk voltage ratio. If a Measuring frequency higher than 150 kc 
is preferred, the crosstalk loss requirements may be corrected by subtracting 20 logic **X“ jg. ’ i ’c 

correct for a length other than 1000 feet subtract 10 login REA cable specifications 

for crosst alk may change In the future but for purposes of the cus cu§ Ixoas tihich follows toe BMS value 
of 71 db/lcf at 150 kc will be the accepted value© 


^.43 par-end crosstalk, is usually controlling with carrier system as send and receive frequencies 
are different (usually staggered 8 kc or thereabouts) and near-end crosstalk is of little or 
no consequence. Also "run. around” or near ~ end crosstalk is of no coaeexn since the repeater gains 
are kept low. 

5.44 As is noted above in the crosstalk requirements^ provision is asads for calculating expected 
far-end crosstalk losses at various distances and at various frequencies above 150 kc© The 

cleaning of RMS (root mean square) crosstalk loss which is given in db requires sc®e e^lanEtion as 
to what.it means in practical applications. The ?5 KMS db" 1® actually the db corresponding to e 
RMS crosstalk voltage ratio© A ratio of ©001 corresponds to bO db (-20 log 10 ©00l)© Jhe R® rather 
than the minimum db is used since the "?m db" may be readily extrapolated from one splicing length 
to many such lengths in series. If the "RMS db” for the long length Is Imam it is improbable that 
the lowest crosstalk loss between any pair combination in the long length will be more than 10 db 
below the "RMS db” for this length© Or, another way of ssyiag it is that the great majority of me 
pair combinations will have a crosstalk loss greater than 73. db® 

5.45 For example, suppose a 12 pair cable which meets REA crosstalk requirements is to be used for 
three cable carrier systems. Calculations for the distance and frequencies involved indicate 

that if pair combinations in one splicing length have 71 <Jb crosstalk loss in 1000 feet at 150 kc 
satisfactory multisystem carrier operation can be expected. For three systems a total of six parrs 
of the 12 pair cable would be used for carrier and it is likely that any six pairs could be used 
without resortinG to selecting pairs to have high (good) crosstalk losses. Of the six pairs 
remaining chances are also very good that pair combinations involving these pairs are *J e ^2 b £ 0B 
a crosstalk loss standpoint and probably one or maybe two pair combinations would not be 
for carrier application. As indicated above an RMS value does not provide too much delation 
in the number of pairs or in the value below the RMS value. Also in a three systemesrrier install 
tion it is vise to have some extra cable pairs available in the event something ha^ns to the 1qu 

carrier pairs in use. Many manufacturers recommend that st^dbyreneateredcablepai - g 
in the event of failure of the repeatered cable pairs or any of the repeaters, the standby faculties 

can be switched over for use© 

e h£ Crosstalk coupling varies with frequency and length of paralleling systems © Tbe higher the 

. SSS Sortto^o!^S» distance between temtoris th» wm (l amt) the crosstalk loss 
due 4 to far-end crosstalk coupling. The fora of crosstalk coupling betwen paralleling ca le pa ■ 6 
Kc£%?LS5 nS^erse^end coupling usually control and 
repeaters between terminals. To overcome the effect of transverse 

devices such as compandors are used for its reduction. Also, by using wide swing angular Mdulaus 
carrier SSe^HSrred to as frequency modulation) abmt the same 
obtained as with coo^>andors at no additional cost . Companders give an app 


BEA T£ & 04-905 

of 22 db while angular nodulated carrier of 1*® type used in low cost cable carrier systems inherently 
give 18 db or "better crosstalk advantage. Obviously the number of renters used influences noise 
and other forms of crosstalk coupling. Tills is discussed in paragro^ 1 5*5* 



The far-end measurement of crosstalk is the ratio of the voltage across the receive termination A 
to the voltage as read across receive termination "B." As an exffliple, if in the above measurement 
the voltmeter across "A" read 1 volt, the reading at "B" would be very small in the order of .000252 
volts. This ratio corresponds to 71 db ( -20 log 10 .000282). The range of mast commonly available 
voltmeters is about 100 db so it is seen that for the above distances the limit of instruments is 
approached. If the cable lengths measured were longer, the receive level at "A" would be down by the 
amount of the attenuation from the location of the oscillator and the loss at point "B 1 would be 
correspondingly lower by the amount of the coupling loss between the pairs. Therefore, it is not 
possible to measure crosstalk (or attenuation) over the entire length of a cable carrier system facility 
as is customarily done for open wire carrier systems . The instruments usually used for crosstalk measure 
ments include a constant impedance oscillator, 600 ohms, over a frequency range from 1 kc to 500 kc, 
accessories for proper impedance transformation to cable impedances, terminations, and a selective 
frequency voltmeter. To obtain the RMS value of pair combinations for a cable, obviously many pair 
combinations have to be measured and the root mean square value calculated. In the future REA will 
publish testing procedures for measuring cable parameters for consilience to REA cable specifications 
which id.ll cover more thoroughly the measurement procedure . 


5.5 Crosstalk Due to numerous Repeaters 

5.51 Another source of crosstalk between systems is known as interaction or "run around" crosstalk 
which is from the output of a repeater into the input of another repeater of another system 

usually by means of another pair. In a multisystem carrier application where repeaters for all the 
systems terminate in the same repeater housing and one cable is used for both send and receive . 

frequencies, it is possible that the coupling from a cable pair to a nonrepeatered tertiary circuit 
is strong enough so .that the output of an east-bound repeater can couple to a tertiary circuit ana 
then back again into another cable pair which feeds into the input of an east-bound repeater ° 
another system located in the same cabinet or adjacent repeater cabinets . This r^ ^round coup ng 
increases with higher frequencies and is affected by the repeater gain. Therefore, high gain and W 
frequencies can make "run around" coupling intolerable. High gain repeaters 

repeaters and thus help the "run around" affect, but, the reduction can be negated by the increa^d 
gain. On extremely long cable carrier systems with high gain repeaters, 60 db or 70 db, the r 
around" affect would have been intolerable with single cable therefore separate cabl.es are used for 
opposite directions of transmission. Rrequency frogging minimizes the ^ 
frequency frogging repeaters the two frequency bands for each direction 

at each repeater such that in a one-way direction the output frequencies " bl 

same as the input frequencies, therefore, the 'run around affect is aLawlMa. 

carrier systems employ low gain repeaters, 20 to 25 db gain and therefore carriers such 

not a serious factor. Also the range of the carrier system is short. The longer rug* cmMmein 
as the Western Electric "N" type or equivalent employ higher gain repeaters, 40-45 db gain, however, 
frequency frogging at each repeater section minimizes 'run around coupling affects. 

5.52 The importance of near-end crosstalk coupling is minimized for frequency division types of carrie] 
system^ by staggering the carrier frequencies of oppositely directed one-w «lsty to 

10 kc. This makes the near-end crosstalk coupling out of band. The 

terminals and carrier repeaters present to the cable pairs are a^^^^sSSef 
frequency characteristic impedances of the cable pairs (about 110 to 135 ^ 0 i !he 

impedance matches prevent near-end crosstalk coupling from being ^fleeted to the far-end of the 
carrier system where it v/ould become a component of the far-end crosstalk coup ng. 
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5*6 Dlatane© Ltaitaiioa© of Stystosa 

5«6l In the foregoing pr^^is vmtm® £mt ®rs r ^re ^is^asst i ^£d& IMt to© @f @gM& 

c®m@r cetera* Of aUL' to® ftatars iproa^sstosi* to© ©ff to® @s«s ^?a mat ftor to® 2 ^ 

coat cable ewrter w aw&Mhl® $&& to©©© so$ge of jb©$® ©j©t^ 0 

The factor® @»s 

a* Xdnl tattoos on the m®feer of repeaters ^iefe ©m b® ^rn^mi £tea t©ggt§g@&©. 0 

b. Equal level far-©a& crosstalk cmigylteo ^rrier is to£@k-gl&©@ sot ©ss&bota ©^^mtersp 

so&ada, or other ©temctelstios %fte<sfe liberalise® mmmt'&^k sms hetmm 

cable piMo Of eowse ©a© systra of ©sble ©assist’ i© ttet £© rs-^pikiJt ereostalk is 

not a ®robl«o Oa ml system a*Hciati®s ^p> to i% eteseeels m be $®glve& few ©ae-syatesa 

and the initial trucking ®re ®o©©w&®t b©l©¥ i% ©fee*©!© to®© is m abosat crosstalk 

until the 25 chana®! is re^piredo 

'*•62 llamlly the total amber of repeaters is Iteitei by to© bhs&ss’ wps®fc©ro ’ mm b© 

conveniently porored frw mtib teg'a&ft&l rather toe& by “&© e^sil lev®! ffcgHusA esweetolh coupling. 
Therefore, low cost cable carrier aim limited by Mp&stoE 1 fswr criteria to @ro»d 25 

mile:;. Of course if intemediai® pmi@re4 repeater points are testell©^ ©@& bsto p^tpaaters ®msi b® ©dded* 
the tron«ver©@ far -end ero@@taik coy^liag beeesa® controlling * Mltlsp5tei oeyriw aj^Xie^&low* 

5.63 with respect, to Weetera Electric type V carrier ©a? otter «iw aystew to© 

dictancc limitation of ’©ueh e^iipat.ls asmmd 20® ■ ail©© . TO® vmi>m& XimtfMtMm 
above would apply to thi © type ©quigMSTt* however p the V s top© is &®©4$s&©$ to twmmMm tfe«»© ISMte- 
tiono. With respect to fa?-©nd crosstalk complins the distance limitation is ©setoutod due to th© »s 
of compandors , frequency froggiag rapmtom p md the fact to&t to© top J^pequeney of the saymte® i® held 
to 256 kc. Beeauoe of the fr «qu®acy far-end crosstalk cm b© ©stiamted osa to® ba«i® of 165 

l:c which further extends the distance Italtation® with respect to fay^BUd ©roseteUu & mmt ^ c6 
carrier applications in the pit wfeer© ©i©ctronie tube %-ps repsator® wro u©©^ it siQ€@«®an f to 
utilize consacrdal f»? with ©tmdby arrasigo^iits at a me^sr ©f re^sator tocatiCMna al @ng raato. 
Troncictor type repeaters are aow being u@ed to©r© it is pgMfbla to up to tte®* m mm m~ 

pc-a tero from a terminal or to pmror a® assy m three or ms 5 © <sro& ©ite of a 117 volt 

n.c. powered repeater point by ®e@®a of siagplGS&d cable pairs mieslffi ®re al®© ffer carrier f^®«pencie® « 

*^.(>U All of the above feature® of the ee M 8 ' type ©quipssmt mk®' it a ©ub©toati©lly tos*® 

carrier oyotoi than the low co®l carriers B however^ it £© m ®0 ®ile ©otstIot systea asa£ it i© 
aecc.T.cory for it to have these featuareso 

5.6s In dcsicninc trunk routes Aere temping ©o®to low is of p?I» is a proper 

application ‘for low cost cable eerier if to® distance £@ wi@? 25 rtl©©® ^ter® this di®tan©@ 
HjoitaLion io exceeded appreciably n lf* equipaent or i to ©teuld be considered* 

5 . 66 The followinc throe exais^le® will sesrve to illustrate few to calculate end erosstelk 

io controlling. To help in thi® deterai&f&ticn tea ©isr^e© w© ^tottod ©s show in Figure® 7 
ii. Ac acen in the formUm® the®® curve® r©preBent p they ate the to ©sroastolk 1©»® a® 

frequency incrcasco and m length incre®®@©<» This is a plot ©f to® ftewUfi© in IW ©@bM 

croo stalk loaa roquirenouto to correct ®p@€ified v^ta®© giv®?, to A/Wf at 15® fes to mriow wLua<$ of 
length and frequencies. 

'j . Y Exruni) l.e No. 1 

< . . Y i ’P) provide truidcs it la planned to ultimately use tore© wplitude i®DduJ.ated carrier @y©t«®® to 
derive Yf channels over cable facilities 2^ ®£less long/ &»a @y®t®» of 2^ oehaaMl® ®aeh 
would providt' the required number. It i© planned that the facility will be 19 gsw?© buried cable 
rovuu^ hka piaotic insulated cable specification© . This »sw tost the averag© «a»tual ©apacltance 
in .oifj mfd. vrv mile and that the RMS far -end crosstalk value io 71 db/kf at 150 kc» Orie type-o 
carrier under concidcrotion con provide 24 channel® using a top fre^pmsy of ^0 kc. teaafpantor® are 
.. .fit [f,n;» » id. ih this equipment. Bie manufacturer specific that wtthmat a 60 i^b far»®sad 

, , » n 1 1 * loan is required at the receive terminal* With e<s@®sM©r® tb^ loss mm b® reduced to 

ibout ho db. With otimdard power option^ up to 14 rep of 25 dh of gain p^r r®p@®ter cm be 
fjowrr* d over ly gauge cable. 
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QUESTION 1: Are compandors necessary for this application? 

QUESTION 2: Would a 12 pair 19 gauge cable complement be large enough in a ccMposite cable? 
QUESTION 3: What is the total attenuation of the entire cable path from texsKLnal to tenainal? 
QUESTION 4: Can this carrier equipnent be used in this application? 

5*72 Answer to Question No. 1 


5*721 In order to answer question* 1 it has to be detenriaed if cable with the capability of providing 
an RMS value of 71 db far -end crosstalk loss per 1000 feet at 150' kc cm be used for a distance 
of 24 miles at a frequency of 480 kc. 

5.722 From Figure 7 it is determined 'that to adjust the BUS cable crosstalk loss from 150 kc to 480 kc 
the reduction is 10 db. Subtracting 10 db from 71 db adjusts the cable crosstalk RIG value to 
ul db at 480 kc/kf . A further adjustment for 24- miles of cable length is required and from Figure 8 it 
ic seen that the db reduction over this distance is 21 db. Subtracting 21 db from 6l db leaves 40 db 
m 480 kc for 24 miles as the expected RM3 fax-end crosstalk loss* 


5.723 If at least 60 db of far-end crosstalk loss is required without compandors it is evident 

compandors are required. A calculated figure of 40 db at 480 kc for 24- miles is the mnufac 
turer's 40 db minimum requirement with compandors® 


5*73 Answer to Question Ho. 2 

f . . 731 Since the minimum permissible far-end crosstalk loss per unit length is 40 db at 480 kc for 
24 miles which translates to 71 db at 150 kc per kf it is evident the 71 db value has to be 
achieved on most pair combinations. Since 6 pairs are required for three systems it is DK>st probable 
that 6 pair combinations meeting the 71 db RMS value can be obtained without having to select pairs® 

5.732 A 12 pair 19 gauge complement in the composite cable should be satisfactory. 


5.74 Answer to Question Ho. 3 

01 .. •* , 

5.7^1 The total attenuation for this carrier facility at a top frequency of 480 kc is calculated as 
follows : 


!?.7te 


From Figure No. 1 of TE & CM-4o6, Addendum No. 2, "Attenuation Data," it is determined that 
at 480 kc the cable attenuation per unit length for 19 gauge .083 uf cable at 68°F is about 
12.8 db/mile. For 2k miles at 12.8 db/mile the total attenuation is 307 <3b« 


5.75 Answer to Question ITo. k 

5 .751 Although far-end crosstalk loss is not controlling a check is made if all repeaters can be 

powered from the tiro end terminals. It is determined that by using 12 repeaters it is Possible 
to span 13 sections of 25 db each for a total loss of 325 db. Bie total attenuation is 30T db 'ddeh 
is within this figure. In an actual application the manufacturer would probably recommend that those 
repeaters adjacent to central offices be spaced closer to the carrier terminals to reduce switching 
noise from the COE. therefore, 13 repeaters would probably be installed. 


5.752 this carrier system could be used in this application. 

5.76 Discussion of Example No. 1 


5. 76 1 this example serves to show the maxim um length limitations for amplitude modulated carrier on 
a cable with a 71 db RMS far-encl crosstalk loss which operates at WiO kc. It is evident tha 

cable crosstalk margin is reduced severely because of the high operating frequency of 480 kc. Com- 
pandors are an absolute necessity on this application# 

5.762 No doubt if three carrier systems were to be applied to a cable of 50 or . Ino f e ' 1 ^ e 

chances arc very good that by selecting pairs that the three systems c ° uld 

without compandors. Of course if only one system would be required, 2k 

would be installed Initially since there would be no other system which would cause crosstalk. Oh 
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Is also a good possibility that by pals* seleetic^ tS m b-© e®£^sidors 

It is only whesi three or store systssa ©re opemttog &» tti© ©£^&s®&&©es 

became more difficult to selects Sisce ®»s$ mm system s@j.te «ed 

24 or 48 channels, con©aadors toM @^etmUy tost n^sd ^ 

unwanted foreign frequency interferons® mdk m ttefe »jbs£ b§f M^s. s^sM© ©t^t&CTi ^ 

ating frequencies fall into the range of the carrier sygta m©n 

might only be required only on certain channels within i^.e jiys'taa© 

5-8 Example No* 2 

5.81 To provide service to a group of isolated subscriber® leea*®& ® s fas 1 as 59 alle® 2*°®. 
central office the use of subscriber carrier is belag iawsfitlgated. &arS®& «*Is «w» 
would he installed with cable which sects BE& crosst®a& srs®*irefflee(fc8 . 4W-- — - ^wtomtial 

subscriber cable carrier are needed and It is desired to use a © jpeut L9J9&& f 0 ®*-® ' * ... ' a w- ra i 

portion of the route. It wouia be •possible to locate the ndwanliw tossbal *® *?**!?„ 

office and serve the subscribers fro® this point with eoaveottaml #qf»teRl ^iee frogMBgy circuits 
connected to the subscriber terminal. One possible type ©f carrier wfeiefe »sM be uMoi* ^“SSjLl 
modulated system which can provide up to £0 channels par aystea. 2>® samafacteer states » Urjaa 
crosstalk loss at the receive terminal should sot be less thas. to <Sb» ^he ^uf aet w^ ’ _ 
that up to 12 repeaters with 20 db gain each can be installed beteess the tee o, the_si.b 

scriber equipnent- The bop frequency of “the 20 cfo&syael gy&teis^&s 3'^ 
limits beyond the subscriber teminal are 1200 ohm essclti&l&g tSs® 

Can a 6 pair 19 gauge cable provide adequate crosstalk lessbeteeea pairs ov^a distance 
of to miles to enable the operation of two aysteas of subscriber eable earr^ert 


ebaeaels of 


subscriber loop 


b set 


trasimL to teznioalf 


QUESTION 1 

QUESTION 2: VJhat Is the total attenuation of the entire csble path 
QUESTION 3: Could this equipment be used in this type of application! 

5.82 Answer to Question No a 1 

S.821 In order to answer question Mo. 1 it has to be tet*nrimd if a 6 e^le wi J 

* S providing an Re value of 71 Sb of far-end crosstalk loss par »00 feet at, 150 kc urn be 

used for a distance of to miles at a frequency of im ke< 


5.822 


!»„ Heux. 7 It 1 . a»t to «U»t tt. * ‘“Sb'SS't^LST.S.SiJ’iSo 

kc that the reduction is 7-3 ®>° Subtracting 7-3 ™ TX f> ?2th ilTJaSdred ^ ^ 
to 63.7 db’at 3to kc/kf. A further adjustment for to milffis o«e«Dl* J******* ff® from 63 . T flb 
Figure 8 it is seen that the reduction over this distance 1* 23 <*>• 3 

leaves to. 7 db at 3 to kc for to miles as the expected far-end cross taL. loss. 

5.623 Si»c, th« colored figure of to.7 <b 1. vlthta tt. *> * «»^4 =*■»*«>* 1— ®= olfl ” i 
by the manufacturer, a 6 pair cable could be used. 

5.83 Answer to Question No. 2 

5.831 The total attenuation for this carrier facility at 3to ke is ® a ^®' S ^ e ^ e ®^e°Sble attenuation 

Figure i of TE & CM-to 6 , Addendum No. 2, it is a.eterfflined ttat at 3J0 ab/nd. the 

per unit length for 19 gauge .083 uf cable at 60 °F is about K0b/*L^9K*> *** £ Xch the 

total attenuation is 4to db. Since 4to db is too ®ch 1« 
use of lower loss cable such as »066 uf/mio cable should - 

5.832 From Figure 2 of REA TE & CM-to6, Addendum No. 2 , 

attenuation per unit length for 19 Gauge .°66 mf • too lorn* fot 1 twelve 20 db repeaters, 

miles at 8 db/ml. the total attenuation is 320 db. This is still too me w 

5.84 Answer to Question No« 3 

5.841 In this application, far-end crosstalk ls ^e^^'^^th^l^ting^'tors^ By using 19 

ability to feed repeaters from the tvo end “J. fee nSdedT using 19 -gauge .066 mfd 

gauge .083 mfd. cable about 21 repeaters spaced 20 db repeaters used in a system 

cable 16 repeaters spaced 20 db apart would be f< ed f. f “ST'S ^e ^all reliability could be 
the more chance there is of additional noise being introduced, or fche ovemtx r 
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reduced because rare electronic devices are is the circuit© It be ttei is m muisml 

application such as this that 0 q£S sfda cable be ^edc Ite o©SS aft, per Mil© cable mmM have to 
meet crosstalk respirmeats .for =083 ®fd* per ailc cable mier EM ro^irasssats * Bmh cable wouM. 
probably have to be ordered special » 

5*842 Whether 16 repeaters could be powered tsom the «i temin©l@ raaiains* t® be dat@Min@d by the 
EBauf aether* Higher operating voltege® tess m©u&l wouM tew to be provided but there is a 
possibility 1 6 repeaters sight be powered frs^a tee @a4 tes^imliSo to ^tera&tiv© weasGU be to establish 
a 117 -volt a* empower point with standby batteries sctEe Aar© &L©ag the 40 sdle rout® @ad feed a number of 
repeaters on each side of this point® 

5*84-3 The introduction of four ®ore repeaters than the ragntfraburor roram@g&d@ should not raise the 

per channel noise figure appreciably « Sixteen repeater® instead of 12 repeat eras could profeably 
be used with this equipment a Nevertheless 9 tea sasnufacturer® 9 r@cc««d©ti@m ©tould b© obtained in 
any such situation where the published transmission or other, limits ©re ess&MdedU 

5 .84-4 Since the furthest subscriber would be located an additional 10 sailes frosa the subscriber terminal 
it can be served by conventional loaded e@bl@ voice frequency circuits as described la TB & CM" 
424, ’^Design of Subscriber Loop Plants 2 

5-85 Discussion of this Example 

5*851 This example when compared to example 1 serve to show te the length between terminal© can -be 
extended when the operating frequency is reduced* This' gain ia rargln by reducing frequency 
is advantageous because man y more miles can be added ia length by having a few ©pare db as seen in 
Figure 8 . The lower operating frequency in this ease i© the reason why this carrier system could be 
extended with respect to far-end crosstalk* 

5.852 Another point which merits discussion is that this is an angular modulated carrier ©ad that 
because of it a far-end crosstalk requirement of to db is only required® in other words , 
it has an inherent advantage similar to that provided by ecsspandorso Mo compandor® are necessary 'with 
this equipment* 

5*853 The application situation depicted in this example serve® to the distances at which earri*. 

might be employed with cable plant should it be necessary to do s ■©• Subscriber© located 5® 
miles from a central office could not be served very economically by seans of ]tey©ieal type plant* 

By using carrier over cable facilities extremely quiet low less circuits are possible well beyond the 
range of physical type plant* Application of cable carrier as illustrated in. this ©scassple might well 
be the method to improve existing open wire subscriber carrier installation^ which are long. in length 
and which are impaired by frost or ice formation on the open wire conductors 0 

5*9 Example No. 3 

5*91 Various methods are under consideration for providing additional toll connecting trunks fro® 

one office to another located 100 miles apart o Western Electric V Carrier or its equivalent 
is under consideration. Ibrty- eight channels are required, or four ©ysteam. The connecting company 
plans to install the carrier on Its existing plant and the REA borrower pl&s&s to install new cables 
for the carrier for a distance of 50 miles. Th a competing company Meting the question was raised 
if the borrowers® cables would permit the operation of four systems ia a 25 pair cable teieh will be 
the minimum size of cable along the borrower 8 © portion of the route. Western Electric 1 equipment 
or its equivalent requires at least 40 db far -end crosstalk loss between sy@t@$®e 

QUESTION 1: Would cables meeting REA standards be satisfactory for this carrier application with 

respect to far-end crosstalk? 

QUESTION 2: With respect to far-end crosstalk loss what would, be tee Mxim distance possible using 
REA cables? 

5.92 Answer to Question No. 1 

5.921 REA cables provide an K!C far -end crosstalk loss of 71 dfe at 150 kc. To answer this question 
it is necessary to translate this figure to 165 kc at a distance of 100 miles. As stated 
previously in this section, paragraph 5 ^ 3 , far -end crosstalk, calculations for K type carrier which 
employs frequency frogging at repeaters can be ec&^puted using a frequency of 165 kc even though th 
highest frequency used is 256 kc. 
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5.922 Fro* Figure 7 it is determined that to adjust the SMS ^ $ 2 ©ss^lte lass &or 

kc/kf that the redaction is eteost negligible <® cfeeefc 0«o «©. ifctoasaswuag .# «f **£? „ 

adjusts the cable crosstalk MB average to TO.2 db at 1*5 *e/B*- X 

of cable length is required m& tea Figure 3 it is sees test taa &{*& 

2T.2 db from 70 o 2 db leaves 43 db at 1*5 he ft* 200 *1198 ®s the exacted flur-a* **•«• 

5«923 Cable tfilch meets EM standard® is 8&ti®£®@t8sy for tM© ©atta^ 

5*93 Answer to Question Mo® 2 

5*931 Working la a reverse procetere starting vith 71 ®> j* 8 ^ ^ 

requirement would cnl^r degrade the 2te-«a ewsstatt tes * 0.8 m to iO.: 2 db at **5 ■ 

and if U0 db is the absolute minium requirement then &ere is a asegia os 5 0.g ois «usfe c*a b 
applied to distance® 

5.932 Referring to Figure 8 and looking along 13s© ordinate of the eura to 3©»2 ®> *» ® e ® th£t 
approximately 200 miles would be the airian * allowable distance. 


5-94 Discussion of Example 3 

5.9U1 


Ibis example shows how much further carrier can operate in the sam sable when the frequency 

6. APPLICATION ON AERIAL CABLE 

6.1 Cable carrier finds much application on aerial cable c^^a^es^ftw ear i^ plaat versus buried 

cable. About the only difference in engineering low cost J^tsy may vary from 

plant is consideration of temperature swings. Tanperature swing have to regulate for losses 

as low as -40°F to +H0°P ambient temperature. *&V»£ «£■£* 5“S?J2i tSpJSSe is 50°F, 

ft s:‘^n.^TiSSr i. c«ri2 s^u * ii. * 

changes + 60 ° from a mean $ 0 ° tei^perature « 

6.2 Referring to figure 1 of MA « A M-k06, "Att.auatiou «.,"«• 5ST °° F 

and l4o°F is reviewed from the given date for 19 gauge . 08 j .m£d. plas^c insrn^ 


Temperature 


Attenuation in 
db/mi at k 80 kc 
19 gauge .083 
mfd. cable 


Attekuatioa for 20 
mile cable facility 


Gtesage due to 
tei^peratur® 
from 80°F 


0°F 

80 °F 

l40°F 


12.0 db/mi 
13.2 db/mi 
13.8 db/mi 


240 db 
264 db 
£76 db 


-24 db 

+12 db 


The above variation in carrier frequency attenuatlondue to t ^ ®®y°^^ t ers . Methods 
regulation circuits which are built into carrier temlnale and £££ related repeaters 

of regulations vary among carrier manufacterers^ Same • * tte ^Ltioa change with temperature. ISie 
at certain intervals along the cable to compensate for ^ carrler sy8te ms do not have regulated 
channel terminals also contain regulation circul ry . changes in the simplex loop to 

repeaters but may vary the repeater feed SgulntiL is contained at the receive 

obtain some regulation in all the repeaters while most of the regam 

terminal of the equipment. 

6 . 3 * If the specifications for carrier systeraa are exsnlned tic _ f ’' + Vf ) for carrier frequency 

line JSJSSZr. ss ™ S 2 STjJ 1. ™ -i* -s-ySJi. 

s^ssfsr^sss ^rysjssss *—• 
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6 A Occasionally it develop to&t eabl© earries* sdL§ht be ®»®i torei, tor ®nli©sti©E to Ml 
di®tribmtion wire* HPt# of -fee older design iMcfe tea® not lav® « Mfte? tfLaetie Jaekii ismaM 
b® very susceptible to variation® in trasssissio^ db& 2 ®et©Ei©ti@© .to ^ tssatocir’, i©e P @®i 
sleet conditions* Ties® condition on HM of* this type severely stage ©tef@ i®t 
characteristics beyond the capability of most carrier ©ystora* BM ©£ tol& ty/y® 
as a path for cable carrier or for kind of carrier * 

6«5 A new and Improved type of KXH! Aid eoatolra ssl outer Jacket of @M©tl© the p@l£© 51© 

now on REA® a Acceptable List of Materials* at® type of HW is mls&st ideatieal to regular , 
cable except that it does wot contain © copper or aluminum shield arouncl, to© pgilR3° ®t@ ©lop® 
attenuation characteristics of this type of BM are vm&k iapiwed ©ver the. older typ® ®ffid approach 
the characteristics of regular shielded cable « While this type RTO My be ©atiaf^ctory fro® a slop© 
and attenuation standpoint it still does not contain a shield Aieh is very issportoat la isolating 
carrier systems from foreign interfering frequencies . Where new @©Mtmction @f outside plant i© 
Involved in the installation of a cable carrier systosa, shield cable shc^sld ali^y© b© ^ovUted ■» Th® 
cost difference between the two types of facilities 1© not s© great that it i@ wortoshll® riskin/g to© 
successful operation of carrier equipment which 1 b a giseabl© Investment® 

6.6 Interference fro® foreign frequencies is a factor to 'fee considered in ©pplyi^ig; cable carrier, 
particularly if past experience in the area 2mn mbotm centals frequencies to b@ tmableaosse . 

Foreign signal® may also be picked up on open wire leads nhiek may eoas iato the ©able td&lch contains 
a carrier system. In most Instance®, however, the use of oomg&ndom or angular radulati©© techniques 
make it possible to operate channels without severe degradation ia to® presence of interfering 
frequencies. 

6.7 From experience in REA borrowers® systems Hast trouble© Aleh have occurred ia nmi Installations 
of cable carrier system® involve some irregularity in th© cable plant ©uda as, bridged top© at 

splice points, loading coil® or build out capacitors left in the pair, bad spites®, etc. Onee a ele©n 
carrier path is provided, the carrier will work satisfactorily. 


7. APPLICATION ON BURIED PLANT 


J.l Buried cable offers a nor© stable carrier frequency path than aerial ®&bl© because th© teaperatur** 
of the cable remains fairly constant the year around. In buried plant applle&ti© ns too repeater 
spacing may be lengthened a slight amount, however, this is © recommendation entirely wp to the carriei 
manufacturer since spacing ia controlled by equalisation and power feed Sxperlence ha® 

shown that transistorised repeat era are susceptible to lightning dsmge on buried a® well as a@rl@l 
pJLant if they are not adequately protected. But as explained la par@gr©i« k most carrier Mnufaeturer® 
have improved their protection practices such that during toe 19&3 lig»tning ssaaM f ©v ecs^Mtoto -ware 
received in REA of lightning damage where the improved protection m& installed. 

7.2 On buried plant applications there are usually less open wire extemtom off the buried cable 
and the euBceptiveneea to interference from foreign radio frequencies Is reduced. 


7.3 Water which might seep into a buried cable would change the attenuation and ©lope characterlatlcs . 

Any water which might be present inside the sheath even though tlie wires of toe pairs would be 
individually protected by conductor insulation would present a different dielectric than sir wad would 
adversely affect the carrier transmission characteristic®. Care must b© exercised in keeping mixture 
out of cable over which carrier will be operated. Ab stated previously carrier syetm regulation is 
designed to compensate for temperature variations a: 1 not for high losses caused by 
moisture become a problem thelable would have to be dried and cm be pressurised. to toi« tote 
water ha® not caused any known problems with carrier in REA borrower® systems* 


8. SUBSCRIBER CABLE CARRIER 


8.1 Subscriber cable carrier offer® a means of Improving or providi^ excellent tmmmlmnton to 
subscriber® located at great distances from the central office. Transmission awroache® that 

of toll quality circuit® with respect to bandwidth, low transmission losses and lew nolle. 

8.2 REA TE & CM- 1*24, "Design of Subscriber Loop Plant/ 5 covers wry thoroughly the liMtation® °*‘ 
voice frequency circuits. TO meet minimum transmission requirement® on long subscriber circui » 

it 1® necessary to use long line adapters, E-6 type voice frequency repeater*, battery booster®, etc. 
All of these additions to conventional practices may not be necessary if subscriber carrier ean be 
£Len 2 e^oSScaS Ser voice frequency circ*oits. Section te4 .totes to©t vole© circuit® on long 
are possible Jto 30 miles using the supplementary equi^nt s^tioaed above. Econo^c studies 
have shovn tha t subscriber carrier on new plant begins to prove ia at 18 sailes. Also the use of 
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subscriber carrier does not e&t&il is i&atiA «h© d&igiMl ®c?@ur® ® 
in channels can be mde as gswth occur© 1© & ©f pleat® There 
long subscriber loops it behooves engineers to &nveafci|gafc$ ^a® v®& of * subscriber carrier* 


i^dfisOL *C>tiOU.iS> 

fcra o pie 


8-3 Figure 9 Illustrates to? stibserlbw tesssto^ls ©f s carrier spstaa «§£*•> ©f£ at 'intermediate 

point® between the central office and far«end s^s^iber ®&&a iitostorailc© s&owb hw 

10 channels of a 20 channel carrier system e®& be off gIoe^ i&e c^ble- Other ^rrang^s^nts of 

carrier equipment ale it possible to drop off 5 w 6 e^cs&el® @l@§3§ the cable « At each flwtbseriber 
terminal housing a group of dsaanel®, standby battery pswes? is araiMfeta to t-fe event of a failure of 
the 117 volts a .Co power* Therefore* service reliability is aofc dep^teit'on ccntisuous a«c« jwwer.. 

8 A From the subscriber t@nd.nal* voice ffeqosucy eastemsloaa using conventional leaded sable facilities 
can be extended 10 to 15 miles* 'feus* if the distance betoken the central office tersisal ©nd 
the subscriber terminal is 25 ailes* subscriber top w to bO m&lm fz-zm the central office are possible 

8.5 As discussed in paragraph 5*6* if the repaater power limitation® are overeat by special |»r 

feed arrangements multisystem operation of subscriber carrier i© possible up to «Q mile® between 
terminal®. Therefore, 55 mile cable subscriber loops are possible (feO mile® *!? mile©). With the 
use of subscriber carrier it Is possible to use aerial or buried cable plant in the sparsely settled 
rural areas and extend service to distances greater than the present 30 mile limitation of - voice 
frequency cable circuits* At the present time sparsely settled area© use ©pan wire subscriber carrier 
which is very often affected by ice and sleet oa the opea wire conductors* Subscriber cable carrier 
offers a way to provide hardened all weather facilities to the sparsely Battled areas which require 
subscriber loop© up to 55 ‘ulles* 


8.6 To compute the effective transmission between distant subscriber® end the COB when carrier is 
used reference should be made to REA TE & 04-910, paragraph 15*0^, '’Subscriber Carrier Bqplpmnt.” 

In this section the voice frequency net loss through the carrier to reeoamsded at k db» Depending oa 
the carrier manufacturer 1 s recoamaendation. net loss as low me 2 db m^y be tssed* Simply stated* the 
effective subscriber loop loss is computed for the voice extension connected to the subscriber terminal 
using the requirements of REA TE & CM Section h2 5* "Principle of 2-Wir* Voi«s« Frequency Subscriber 
loop Transmission / 8 or REA TE h CM-U2lt, design of Subscriber Loop Plant/* Afterward© a the carrier 
voice frequency net loss is added to tills figure (2 db or h 3b) plus *5 ®> for- central office loss 
and this will be the effective loss of the overall subscriber loop, Usually the overall effective 
transmission will be much better than the -1 db objective ©Inca the iwitaerlhar terminal ha© its am 
k8 volt talking battery power and is located near the group of siibscrlbers served fey the channel. 

8.7 The net loss through the carrier is independent of the distance separating the central office 
and subscriber terainal. It can be either 10 idles or ^sO sslle® ju-fit so the facility is adequate, 

at carrier frequencies* 

8.8 Cable subscriber carrier equipment is available where the subscriber ter3«inal ia P®1®* Mounted 
and provided with standby battery power. Repeaters ©re aloe powered from this teraioal m 

previously discussed in this section. 

9. TRUNK CABLE CARRIER 

9.1 Low cost cable carrier for trunk use is highly recommended for expanding existing trimfe groups 

and in new construction. 


9.2 Meeting VNL+2 requirements fey means of cable carrier 1 b usually easier than the rehabilitation 
of many existing voice frequency circuit®. Inherently carrier is superior to 8-wire voice 
frequency circuits In that carrier Is affectively a 1-wire high velocity circuit* 


9.3 The low cost’ cable carrier systems listed In REA*s Acceptable List of Material© a.H mset fiu# 
least minimum voice frequency response requirements of *1 db to -3 db with reference to 1000 
cps from 300 to 3000 cps* On all properly installed low coat carrier mr^term the idle channel no^se 
has been around 25 dbrac (20 dbaO) for moat channels with a few a® high as 30 «brac (noncom^ndored 
value). Circuits of this magnitude of quietness somettas® require that a white noise gm®mtor/e 
activated to give the circuits a live quality and to -m®k out slight toterM&jtatlen effect© °** 
crosstalk. Carrier circuits have often been found to 'be ©o Inherently q?xiet 'that barely perceptib. 
crosstalk Is audible. Noise generators can be used to mask this low level crosstalk but still not 
introduce any objectionable noise. 
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9 A UtegTOns lairaraMBto ter© tos#s Mte of @©h© TOteMa J®@® of fill %p#s of toir <m&% cable o®wri«r 
and ooot of the opi^t Mb diMmsteated eaetlleat wto Iom dta2m®t*l©iie®® 

9.5 Extensive dial poJs® d£st«ti®B amsw^Mts ter® b#» 'mUB 00 @tert tanl etMar aiitMi 
on an E & M baaia nd no sjspwiifel® 4i@tortt©a ta§ been '|ate©&Si©®i> b#s»»® of to® ®@wl« 

equipneat* 

9.6 Hie reliability of to cost c^ble carrier eqplpneat esMOi bo attested to until non tlae 1 a 
service is experienced. But, bmmd on m^&rLem® wits tesasiataPiMd opm vine carrier ®f«ipwat 

uhich ha® been in service for 5 y#s» ©r nore f transistorised #^pi]p®at w t d j Q MAsm ml m fr&p#®qr ond 
carrier frequency levels far nor® stable tts*B is possible on tub# type e®i]p8ffit m& AmmI reliabiH% 
is ia^rwing rapidly. 

9.7 REA reecweMs the use ©f to cost cable carrier for ton* IAS end us# then it i s 

economical to use carrier a® nith pfagrsleel wic# feiipa^r ©tresis or o tfaer Mens fbe* 

deriving trunk aM subscriber loop plant* 
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REDUCTION IN CROSSTALK LOSS IN CABLE VERSUS FREQUENCY 



FIGURE 7 
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FIGURE 8 




























